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AUTOCXAVE BONDING OF SPUTTERING 
TARGET ASSEMBLY 



Field nfrtM.Tm,ffnH^^ 

This invention relates to techniqiies used to febrkaie internally cooled 
sputterii^ taiiget assemblies generally used in planar magnetron sputtering, and in 
particular to ftbrication techniques used to mhance and assure parallelism between 
the sur^ of a target material and die substrate being sputter deposited. 

Background of the Inwnti^ 

Sputteriiig describes a number of iriiysical techniques commonly used in. 
for example, die semiconductor industry for the deposition of diin films of various 
metals such as ahuninum. ahunmum alloys, refractory metal silicidcs, gold, 
copper, titanhun-tungsten. nmgsten. molybdenum, tantahim, indium-tin-oxide 
(TTO) and less commonly silicon dioxide and silicon on an item (a substrate), for 
example a wafer or glass plate being processed. In general, the techniques involve 
producing a gas plasma of ionized inert gas "particles" (atoms or molecules) by 
using an electrical field in an evacuated chamber. The ionized particles are then 
directed toward a "target" and collide wiUi it. As a result of the collisions, ftee 
atoms are released from the surface of the target as atom sized |MX)jectiles, 
essentially converting the target material to its gas phase. Most of the free atoms 
which escape the target surface condense (the atomic sized projeailes lodge on tte 
surface of die substrate at impact) and form (deposit) a diin fUm on the surface of 
die object (e.g. wafer, substrate) being processed, which is located a relatively 
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shnt ciistaiice from the laig^. 

One common qwttering technique w magnetnm ^tteri^ When 

pnicessing wafers using magnetron sputtering, a magnetic fidd is used to 
concentrate sputtering action in the region of Ae magnetic fidd so that sputtering 

5 occurs at a higher rate and at a lower process pressure. The target itsdf is 
dectricaUy biased with respect to the wafer and chamber, and functions as a 
cathode. The magnetic field's influence on the ions b proportional to its distance 
fromtheftontofthetaigd. OptimaUy a target assembly (the target and its 
backing plate) fa thin to aUow the magnetic fidd to have the greatest influence. 

10 In generating the gas jtona and creating ion streams inqacting on die 

cathode, considerable energy fa used. Hifa energy must be dfasipated to avoid 
mddng or neariy mdting the structures and components involved. A technique 
used for cooling sputtering target assemblies fa to pass water or other cooling 
liquid through fixed internal passages of the sputtering target assembly. 

15 An example fa shown in djc simplified perspective sketch of Figure!, a 

sputtering system designed for large rectangular substrates, which indudes a 
rdativdy thin sputtering target assembly with internal cooling passages. (Detaifa 
of the chamber and its opentioo are described in eariier U.S. Patent Applications 
of the inventors: U.S. Serial No. 08/157,763 filed 11-24-93 ami U.S. Serial No. 
20 08/236.715 filed 4-29^, now hereby incorporated by reference herein.) The 
processing/sputtering chamber 30 encloses a dark space ring 31 surrounding a 
substrate 32 to be sputter deposited. Hie upper flange of die sputtering chamber 
30 supports a lower insulating ring 33 supporting a sputtering target assembly 40. 
The target material on the sputtering target assembly is faring toward the substrate 
25 32 to be sputtered. The target assembly fa ncgativdy biased rdative to the 

substtate to effect die sputtering. Inlet cooling lines 36 and ouUct cooling lines 37 
connect to cooling passages in die sputtering target assembly 40 to cool die 
assembly during sputtering. The top of the sputtering target assembly 40 fa 
enclosed by a top chamber 35 supported on Uie back of the sputtering target 
30 assembly by an upper insulating ring 34. As fully discussed in the references 
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previously cited, the top chamber 35 can house a moveable magnetron in an 
evacuated top chamber. The top chamber can be evacuated so that its pressure 
approaches the pressure of the process chamber. The force exerted m the area of 
the target assembly due to diffoential pressure between the process chamber and 
the top chamber is then minimal and easily restrained by the thin sputtering target 
assembly 40. 

A multi-layered qputteri^g target assembly 40, as shown in Figures 2 and 
3, is typically assembled according to the above mentioned patent plications 
using a two step process. In me step, a target material 48 is solder bonded to the 
backing plate 50. In another step, a finned (or grooved) cover plate 52 is bonded 
to the back of the backing plate 50 uang a structural epoxy based adhesive. The 
structmal epoxy based adhesive is cured by putting it in position and raising the 
temperature of the pieces to be joined while at the same time applying a pressure 
to keep the parts in intimate contact throughout the heating cycle. The order in 
which the two steps are done is <kpcodent on die melting tenqierature of the solder 
and die curing temperature of the structural epoxy. The higher tempeniture 
bonding process is done first so diat the integrity of the first formed bcmd is not 
affected by die subsequent process. 

The process and materials used in produdng a structural qx>xy bond 
generally create a good bond; however, die cooling fluid occasionally leaks due to 
impofections in bonding diereby causing such ottering target assemblies to be 
rejected. The factors affecting the structural epoxy bond integrity arc I) surface 
treatment of die jneces to be joined, 2) qxyxy sdection and curing inoccdurc, and 
3) mechanical fitting at mating of the surfaces being joined prior to adhesive cure. 

Surface treatment removes mechanically weak or non-adherent surface film 
on die metal. For example, surface treatment may simply consist of mechanically 
abrading the surface to be bonded in order to obtain a "dean" metal surface. Or, 
for superior results, die procedure may involve a) degreasing, followed by b) an 
acid etch to remove any visible oxide fUm or scale, c) rinsing to remove all traces 
of die acid, d) a surfaceHxmditiming step to deliberately form a corrosion film of 
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controlled chemical oonqx)sition and thickKss which promotes pnmer adhesion, e) 
drying, and 0 priming within an hour to seal the surface from atmospheric oxygen 
and moisture. 

Bpoxy stlec6oa is based on several factors including: type of carrier, 
5 strength of the adhesive, adhesion to the primed surfiice, curing temperature and 
pressure procedure, and ability of the adhesive to flow to create a leak-free joint. 

Surfiace treatment, qwxy selection, and curing procedures are fiictors 
controlled by manuficturing rigor. However, good mechanical fitting or mating of 
the sur£Eioest)dng joined is also required to achieve leak-free joint^^ Distortion 

10 and voids are introduced by the two-step soldering process presently used to jmn 
large areas (e.g. 643mm x SSOnun target material dimension) of a) dissimilar 
metals and/or b) non-unif<mnly heated or cooled similar metals. The present 
process includes die scrider wetting of the two surfaces to be bonded. The target 
material is then heated and a pocd of solder is created at the soldering location. 

IS The Ixacking plate, also heated, is then slid into the pocd of solder to avoid 
trapping the solder oxide that normally floats over the molten solder, and the 
weight of the jriece and a light pressure cause the soldo' in the pool to iqiread out 
over the surfaces to be soldered and bring tite two materials generally in close 
contact. The pieces are held aligned one to the other until the soldo- cools below 

20 its melting ten^Kiature and the two pieces are bonded. 

F6r example, when solder bonding indium-dn-oxide (ITO) to a 
commercially pure dtanium backing plate, during cooling from the soldering 
temperature (e.g., 1S6*'C for pure indium solder) to ambient temperature, die 
differential thermal contraction of the soldered connection tends to cause bending 

25 of the pieces. The edges of the target material, being the first to cool, initially 
form a strmger bond than the higher temperature center of the target. As a result, 
the strong connection between pieces of the outer edge of the target nnaterial 
causes the cento of the target material to buckle and lift from the backing plate at 
die center of the target, by as much as 0.125* (3.175 mm), as the targ^ material 

30 and tracking plate continue to contract at different rates. In the subsequent 
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IS 



20 



stnictuial epoxy bond Step (the fimied cover 52 w 

JaiSetAMcldiig plate assembly), meehanical fitting or mating of the surfaces being 
joined is difficult. Poor mating results in uneven bond thickness wWch can cause 
the coding fluid to leak resultiqg in rgection of the sputtering target assembly. 

In addition, if such a sputtering taiget assembly is not flattened, the 
oon-paiaUelism between the taiget material and the substrate being sputtered 
creates non-unifinnn films on the substrate. Raised areas at the center of the taiget 
material may cieaie a void behind the raised area, or the taiget material may 
fracture. Such voids change the thermal conductivity between the taiget and 
backing plate and the temperature distribution across its 6ce. Since the 
distribution of sputtered material and the rate of sputtering of dw taiget are 
direcUy dependent respectively on the taiget material distance from die substrate 
and on its temperature, variations in the gap (distance) between the taiget and 
substrate and in the temperature of the taiget material win also change the 
uniformity of taiget material sputter deposited on the substrate. 

Since the object of laige area ^Bering chambers, as described above, 

indudes unifenn film thickness across die entire area of the substrate being sputter 
deposited, variations in film tfiickness doe to variable properties in the taiget 
surface of the ottering taiget assembly are a great impediment to improving 
processing efficiency and sputter depositing a uniform film thickness over the 
whole surface. 



SummaiVOf thelnvenrinn 

A mediod according to the present invention includes ovcRoming die 
distortion and imperfections introduced by the fluttering target assembly 
fiibrication techniques described above to provide generally uniform target 
propetties across the surfecc of die taiget. Specifically, die improved febrication 
techniques include: pressure-assisted bonding when using solder and/or structural 
adhesives to bond die material layers making up a sputtering taiget assembly; and 
enclosing cooling passages in die taiget backing plate by laser welding or electron 
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beam wdding ooe or moie cover plates over the void in the backing plate forming 
the cooling passages. Variations of both techniques arc discussed. 

These techniques accoidiiig to the inventiim, reduce the number of stq» in 
the fabrication process and reduce, if not etiminate, distortion due to differences in 
5 cocffidenis of thermal eqansion of adjacent Ia3iers. Tliey also virtuaDy eliminate 
the possibiUty of cooling fluid leakage due to the ftiluie of cured adhesive based 
structural bonds. 

In one mediod (or technique). d« sputtering target assembly (comprised 
princqnDy of backing plate, finned cover Qriate), insulating sheet, and target 

10 material layers) is, as lequiied, machined, ground, lapped, chem-cleaned, primed, 
and poUshed prior to assembly. Hk final step of bonding the laycis together 
under pressure is performed inside a gas-dght fabric bag (preferably in an 
oxygen-depktedenviiomnent) inside an autoctave. The pressurized autoclave 
exerts a uniform ftece on the surfwe of the bag to keep the layers in tight contact 

15 throughout the thermal cycling of bond formation and/or curing. Duringthe 
cooling cyde, the exerted piessure forces the solder hqfer to pl^^ 
yidd preventing die assembly from distorting. Spacers, disposed between the 
target material and backing plate and interspersed in the solder layw control die 
thickness, uniformity, and integrity of the joint created by U» solder layer. 

20 In the bonding step, pressure (preferably provided in an autodave) bonding 

the target to the backing ftate usmg soWer, and bondmg the finned (grooved) 
cover plate to die backing plate using a structural adhesive are performed in one 
step. The dectrical insulating layer can be bonded to die back surface of die 
target assembly using a structural adhesive during tfiis same step. To perform fliis 

25 bonduig step. Uwtargd assembly is partiaUy double vacuum bagged to isolate die 
solder bonding process from the structural bonding process. One (die lower) 
vacuum bag configuration (system) is attadied to die backing plate and enctoses 
only die targd material to be solder bonded to die backing plate. The second (die 
upper) vacuum bag configuration (system) generally enctoses die lower bag 

30 system, die backing iflale.d>e finned cover, and die electrical insulating sheet and 
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inrovides a pass through gas connection to the lower vacuum bag. An epoxy based 
structural adhesnve fauninate placed between the backing jriate and finned cover 
plate and between the finned cover plate and the electrical insulation sheet bonds 
these layers together. 

S The vacuum bags are first evacuated and the autoclave pressure is increased 

to ^^proximately IS psi above atmosqiheric. The vacuum bags are then backfilled 
with a moisture-free inert or oxygen absmbing gas to approximately one 
atmosftee to diminaie flte possibility (in die event of bag fiulure) that a vacuum 
system evacuating the bag will suddenly receive high pressure gas from the 

10 autoclave environment The autoclave pressure is then increased to provide the 
desired pressure on the unbonded target assembly layers. The assembly is then 
heated and cooled according to a predefined procedure. 

A variation of this m^od is to solder bond the target to die backing plate 
first, then enclose the whole assernbly in a vacuum liag system and cure the 

IS structural adhesive bonded pieces in an autodave while, at the same time, stress 
rdieving and flattening fbc target backing plate sub-assembly. 

In another variation of this method, the target is sender bonded in the 
autoclave first, then the cover to hold die cooling fluid is attached by means of 
fasteners sealed by gasket type (preferably O-ring) seals. 

20 A second method according to the inventicm, involves constnxcdon and 

closure of the void forming the coding fluid passages in the tiaddng plate and 
cover assembly. Tlie backing plate indudes a recess to recdve the cover 
configured to fit in the recess. The cover and backing plate are joined by laser 
welding around the edge between the recess and the cover and by spot or seam 

25 welding across die field of the cover at generally regularly spstced locations 

corresponding to the ends of fins (or walls between grooves) in the finned backing 
plate. A variation would be to use electron beam welding (a low input of heat to 
avoid material distortion due to welding is desired). The target material can then 
be solder bonded to the welded assembly by a) soMer bonding the target to the 

30 welded backing plate using a single vacuum*bagged autoclave procedure, or b) 
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solder bonding the target to the wdded backing idate first, then enclosing the 
whole assembly in a vacuum bag to stress relieve and flatten the target assembly in 
the autoclave. 

S Brief Etescriprinn nf the rWawinys 

Figure 1 is a perspective view of a simplified qmtiering chamber system 
using a qmttering target assmbly 40 fiBbricated according to the invention; 

Hgure 2 is a plan view of a target side of a guttering target assembly 
according to the invention; 
10 Figure 3 is a side cross-section view of Figure 2 taken at 3-3; 

Figure 4 is a side cross-sectional exploded view showing one embodimmt 
of die layers of material involved in assembling a target assembly such as the one 
shown in Figure 3; 

Figure 5 is a side cross-sectional exploded view showing a second 
IS embodiment of layers of material used in assembling a targtt assembly such as die 
one shown in Figure 3; 

Figure 6 shows a close-up view of the assembled target assembly as 
pictured in Figure 3; 

Figure 7 shows a panel of target material consisting of three tiles used with 
20 the sputtering target assembly according to die invention; 

Figure 8 shows a tape a) wnqiped around the tiles to cover the jmnts 
between the tiles of the target panel, and b) covering die target »de of die tiles of 
Figure 7; 

Figures 8A and SB show a pre-assembly perspective view and a final 
25 configuration cross sectional view of a joint between adjacent tiles as shown in 
Figs. 8, 9 and 10; 

Figure 9 shows the assembly of the target panel of Figure 8 on a base plate 
according to the invention; 

Figure 10 shows a perq)ective view of the assraibled ottering targ^ 
30 assembly of Figure 9; 



WO9M3085 



PCT/US9SA>1089 



Figure 11 shows a partial cutoway view of a bottom of a target backing 
plate utilizing two wdded cover panels covering the cooling passage void in the 
backing plate; 

Figure 12 shows a cross-section of Figure 11 taken at 12*12; 
S Figure 13 shows a target backing |^ having the cooling passage void 

coveted by a single covn* pbtc; 

Figure 14 shows a close-up cross-sectional view of typical welds at die 
edge of the cover plate and along the tops of the fins for finned backing plate 
assOTbUes with wdded covw plates as shown in Figures 11, 12, 13, and 15; 
10 Figure IS shows anotho* embodiment of a target backing plate with two 

separate cover plates; 

Figure 16 shows an overall side cross-sectional view of the matoial layers 
used to envdope and create bags around the target assembly being processed in an 
autoclave; 

15 Figure 17 shows a sinqilified pctspoedvt view of the layers of Figure 16. 

but not showiiig gas onmectioo fittings; 

Figure 1 8 shows a plan view of the pcdyamide tape layer on the backing 
plate surrounding the target matoial used when processing the target assembly 
accordmg to the invention; 

20 Figure 19 shows a side cross-sectional view of the items of Figure 16 in 

position for processing; 

Figure 20 shows a close-up view of the material layers of Figure 19 
surrounding die gas fitting 92; 

Figure 21 shows a ck)se-up view of the edge seal of the outside bag shown 
25 in close proximity to the gas fitting 90; 

Figure 22 shows a configuration for providing thermocouple wiring into the 
vacuum bag enclosures to monitor the temperature of the targ^ matmal and/or 
backing plate; 

Figure 23 is a side view of a typical gas fitting connection through a 
30 barrier film of a vacuum bag; 
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Figure 24 is a side cioss-sectioiial exploded view of a single vacuum bag 
bonding system aoooiding to the invention; 

Figure 25 is a side cioss-sectiooal view of die material layers of Rgure 24 

ready to be bonded according to the inventttm; 
5 Figure 26 is a plan view of the sputtering target assembly as pictured in 

Figure 9; it deariy shows one example of the possible locations for gas 
connections to the gas barrier layers of the vacuum bags; and 

Figure 27 is a perspective view showing a typical configuration of a gas 
connection through the outer (upper) bag banier to the inner (lower) bag barrier c 

10 die dual bag coofiguralioo as pictured in Figures 16, 19, 20, and 26. 
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Figure 1. as discussed above, shows a sputtering process system which uses 
a fluttering target assembly 40 fabricated acconfing to die invention. 
15 A general configuration of an embodimert according to the invention is 

shown in Figure 2. TTie integrated sputtering target assembly 40 is shown in plan 
view with its target side up. ibe sputtering target material 48 is bonded to the 
backing plate SO. Bonds can be made by soldering, diffusion bonding, or otiier 
techniques which provide and maintain satisftctory bonds between dissimilar 
meials at process temperatures. In other instances (e.g., aluminum or titanium) 
the target 48 and backing plate 50 may be a moooUth of a single material 
requiring no bondmg. In general, it is preferable to machine, grind, lap and 
poUsh flte target side of the backing plate to form a highly polished vacuum 

sealing surface 77 (preferably polished to a surfece finish of S^in (0.20Mm) Ra, a 
25 mirror finish), on the backing plate border 78, drcumscribmg the target area prior 

to bonding the target material 48. TTjis surfece 77 provides an exceptional 

leak-tight seal when an O-ring is pbced against it Tlje backing plate 50 includes 

inlet water fitting ports 67 and 68, ouUet water fitting ports 69 and 7 1 , and a 

rough vacuum port 75 which are preferably machined into the backing plate 50 

30 prior to bonding accordmg to the invention. 
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Figure 3 is a cross-sectional view of Figure 2 taken at 3-3 showing taiget 
material 48 attached to backing plate 50 which, in turn, is attached to a finned 
cover plate 52 which is covered on its outside surfece by an electrical insulating 
sheet 54. 

Figure 4 is an exidoded view of an embodiment of the configuration as 
typicaUy shown by Figure 3 showing a first structural adhesive laminate 60 

di^iosed between die electrical insulating sheci 54 and finned cover plate 52. The 
fim adhesive laminate 60 is trimmed to matdi the outline of the finned oovct plate 
52 to bond the insulating sheet 54 to the cover plate 52. A second layer of 
structural adhesive laminate 58 is disposed between the top of the finned cover 
plate 52 and the back of the backing plate 50. The second laminate layer 58 has 
been trimmed (typically suspended from a carrying screen or mesh not shown) to 

match flic suffece pattern of the top of die fins 59 of the cooUng passages so that 
only die surfaces intended to be in contact wifli each other are bonded (i.e.. the 

topof flie fins 59 and the bonier of the finned side of dw cover plate 52). A 
solder layer 56 coosisdng of solder-material strips 0.0!O*-O.020" (0.25 
nun-0.5 1mm) thick is disposed between the target material 48 and front of the 
backing plate 50. Tte soMer layer 56 may also be formed by pre-wetting the 
target material 48 and fiont of die backing plate 50 using other means such as a) a 
hot plate to dip die sui&xs to be bonded in a pool of solder, b) brushing on the 
solder over die surfaces to be bonded, or c) ^tter coating the surfaces to be 
bonded widi a solder layer. 

Figure 5 is an exploded view of amMher configuration as typically shown 
by Figure 3 showing anoUier embodiment according to die invention. In some 
25 instances, to improve surface adhesion or wetting prior to attempting to make a 
solder bond, die surfaces to be solder bonded can be cleaned by ^tto- etching 
(bombarded widi ions), and one or more layers of sputter coating material 65 can 
be sputter coated (deposited) onto die bonded side of die target material 48 and die 
backing plate 50 topre-wet or tin dieir stufaxs in preparation for soldering. 
Anodicr less reliable piocedure involves oonventionaUy pre-wetting die surfaces to 
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be solder bonded and scuffing the wetted solder prior to bonding to remove 
surface oxides. ChK» the surf«*s to be bonded arc tinned (pre-wetted). solder 
nutoial strips 56, e.g. pure imHum, and spacm 63 (eg., pre-wetted 
O.OOr-O.OlO" (0.025mm^.25niin) diameter copper wires) are positioned between 
ihe target material 48 and the bacldng plate 50 in prepaialion for solder bond^ 

Figure 6 shows adosenipof across-sectioo of Figure 3 near its edge 
consisting of the layers as shown in the embodiment of the invention shown in 
Figure5. The backing plate 50 is a rectangular monolith, as geneiany described 
above, having a top target surfece and a back surfecc. The top target surface, 
after having been sputter coated with an adhesion layer, can be wetted by 
sputtering pure indium on the backing plate 50 made of, «w example, titanium. A 
target material 48 made of, for example, indium-tin-oxide (ITO) is also coated 
with an adhesion layer and can be wetted with a coating (e.g., pure indium) on its 
back surfeoe. A series of alternating strips of solder 56 (e.g., strips 
15 0.OI0*-O.020" (0,25 nun-0.51mm) thick of pure indium) and ^lacer 63 (e.g, 
pre-wetted 0.005"-0.010* (p.l3mnK0.25mm) diameter copper wires) are 
positioned between the target material 48 and the baddBg plate 50. WhUeaseries 
of alternating spacers 63 and solder regions 56 with a high concentration are 
shown in Figure 6, such a high fiequency of spacers 63 is not required. The 
20 spacers 63 provide a vertical spacing (preferably appnaimatdy 0.010" (0.25 mm)) 
so that after bonding of the target plate 48 to the backing plate 50, a spacer 
thickness solder joint is maintained. This extra thickness of the solder joint allows 
the solder material to readily plasticaUy yield when subjected to adamping 
pressure during the solder cooling cycle. Tlie solder yielding avoids excessive 
25 distortion of the surfecc of the target material 48 due to a differential thermal 
expansion. Without spacers 63, the solder joint wouW have a much reduced 
thickness, c.g., less than 0.005" (0.13 mm), and thickness uniformity could not be 
controUed. Also, the excess solder firom the thicker solder strips permits the 
surfece oxide, which floats over the molten solder, to be forced out of the joint 
30 resulting in exodlent solder bond coverage. 
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The filmed cover plate 52 is covered with a layer of structural adhesive 
laminate 58 which has been trimmed with, for examine, a lazcH- blade to match the 
top of the exposed surfaces which will amtact the back side of the backing plate 
SO. When the structural adhesive laminate S8 is cured, a good bond will create a 
5 tight seal between the cooling passages of the finned cover {date 52 and the 

backing plate 50* Tboiou^ bonding of the ends of the fins of die cover plate 52 
to die baddng plate 50 will prevent ballooning of die cooling passages when 
cooling liquids under pressure are introduced into the cooling passages. An 
dectrical insulating sheet 54 is bonded to the badoide of the finned cover plate 52 
10 by a siiuctural adhesive laminate 60 similar to die structural adhesive laminate 58 
used for the bond between the finned cover plate 52 and die backing plate SO. 

Figures 7, 8, 9, and 10 provide easy visualization of die steps taken to 
position a multi-tiled target material (e.g., ITO) to be bonded to a backing plate 50 
made of a material (e.g., titanium) widi qualities compatible with the qwttering 
15 target material. As sbown in Figure 7, because indium-tin-oxide is difficult to 
produce in large (dates, when large plates of ITO are needed for sputtering, 
several tiles 49a, 49b, 49c are positioned adjacent to one another to piovide ftdl 
coverage for qNittering. The tiles are held adjacent to one another by an assembly 
fiame (not shown). In Figure 8 die edges of die tiles and die target side of the 
20 tiles are covered with a high temperature polyamide flash breaker tape 43 to 
prevent die soida* from wetting diese surfaces. Also, die flash breaking tape 43 
facilitates removal of solder material firom the spaces between die panels dierd>y 
avoiding solder contamination when sputtering die finished target assembly 40. 

Fig. 8A shows each tile*s perimeter edge wrapped widi polyimide ts^e 43a, 
25 43b having a widdi equal to die diickness of die tile. The tiles (e.g. 49a, 49b) are 
placed adjacent to one anodm- widi a shim 45 maintaining die space between tiles. 
A joint forming flash breaker t^ 43z is laid across two adjacent tiles 49a, 49b 
whose edges have been taped widi polyamide tape 43a, 43b. 

Fig. 8B shows die tiles 49a and 49b portioned in a plane ready to be 
30 mounted on the backing plate SO. A joint shim 47 positioned between tiles 49a, 
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49b tnflintainf unifOTD qiadng between tiles as the joint forming flash breako' 
ts> pf 43z is bent anmnd the joint shim 47 to a position wheve the tiles axe adjacent 
to one another in a plane. Tyirically the thickness of the tape 43a, 43b, and 43z is 
0,003" (0.a76mm), Four layers of this tapt^ as seen in Figure 8B, provide a 

5 built-up thickness of 0.012' (0.30mm). Since it is desired that the final space 
between tiles be 0.01S--0.020' (0.38^.Slnun) when all tape and shims are 
removed, the thickness of the shim 47 should be between 0.003* and 0.008* 
(0.076' and 0.20mm). The shim 47 can be held in place until soldering is 
complete to assure uniform qsadng between tiles. The height of the shim 47 is 

10 tyincally qiproximatdy 0.003" (0.076mm) less than the thickness of the tile. 
Once soldeiing is ccnni^ die shim 47 and all tsqie layers (43z, 43a, 43b) are 
removed to leave a 0.01S'-0.020" (0.38^.Slmm) gap. Sputtering does not occur 
in this gap as it acts as a dark spact shielded ftom Ac effects of sputtering. 

Wetting or tinning of the back of the tiles 49a, 4%, and 49c can also take 

IS place, if necessary, at this time. A frame around the tiles is used to align and 
handle diem before soldering takes place. 

As can be seen in Figure 9, the target backing idate is prqnred by 
positioning a series of solder panels 56 and spacers 63 adjacent to me another 
such that when the panels 49a, 49b, 49c are positioned over the solder panels (or 

20 strips) S6a and spacers 63 and heat is appUed, the solder strips S6a will mdt and 
solder will readily flow and bmd the backing plate SO to the target panel material 
48 consisting of die tiles 49a, 49b, and 49c. Figure 10 diows the three-tile ITO 
taiget material 48 in position on the backing {date SO. The same process can be 
performed for monolidiic target materials widxMit joints. The number of sp^cm 

75 63 and sender material strips S6 shown in Figure 9 is rqnesentative of the kind of 
spacing that is expected to be needed in order to maintain a generally uniform top 
surfiace without excesrive deflecdon of the target material in the face of a uniform 
claminng pressure exerted by an autoclave. In the case of each picnired ITO tile 
(49a, b, c), the outer two spacers 63 would act as a bridge across which the tile, 

30 for example 49a, would span and deflea. Excessive deflecdon is not acceptable. 
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Therefore a middle spacer is provided. Fuittier adjustments to the configuration 
can be made based on empirical measurements as needed. 

A structural omfiguration for a finned backing {date SQa without cpoxy 
cured bonds is shown in Figure 11. The finned backing plates 50a, 50b, 50c as 
5 shown in Figures II, 12, 13, 14, and 15 include cover recdviiig recesses as, for 
exanqile, can be seen in Figure 14 extending down from the top surface in the 
finned area. The cover plates 53a, b, c, d, or e match the size and thickness of 
the recess covering the cooling passages and fins 51 dividing and directing the 
cooling liquid flow from the inlet cocking passage openings to the outlet coding 

10 passage openmgs. Figure 11 shows a two-piece cover, 53a and 53b, each panel 
synunetrical to the other along their conmion edge. Two sqarate cooling passage 
cavities are provided. Each cooling passage cavity and cover plate is sqnratdy 
wdded by an edge weld (for example, 78) and a seam weld or a series of 
intermediate plug (or spot) welds 80 r^ularly located along the top of the fins 5 1 

15 and the intermediate barrier 55 between adjacent cavities, although, it is possible 
to weld only some of the fins. TypicaUy a seam wdd is provided on the top of 
each fin 51. The finned plate 50a also includes a rough vacuum port 75, a power 
interlock port 74, and a power attachment fixture 76. 

Figure 12 provides a cross-section of Figure 1 1 taken at 12-12. 

20 Figure 13 provides an alternate configuration for a finned backing plate 

using a one-piece cover |riate 53c. A welded finned backing plate SOb and cover 
53c form a set of cooling fluid passages. A recess is made on the backing plate 
50b to accept the thin covo* 53c to hold the cooling fluid and all seams are wdded 
shut. The one piece cover plate 53c is welded around its perimeter by a wdd 72 

25 and on the top of each fin, from end to end, by a seam wdd 70. 

Figure 14 is a close-up cross-sectional view of Figures 11, 13, and 15 
showing typical wdd locations and configurations. 

Figure 15 shows an alternate configuration of a finned backing plate SOc 
^ere the cooling passages are sq»rated by a thicker intermediate wall dian in the 

30 prior embodiments, and are covered by separate cover plates 53d and 53e. A 
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perimeter wdd 61 now also passes down the center axis of the finned backing 
plate 50c. Seam wdds 62 are provided on the top of eadi cooling-passage fin. 
Seam wdds arc made over the fins to prevent the cover 53c from tnllooning under 
pressure. 

5 When using a backing plate (i.e., 50a, 50b. or 50c) of a weMaUe 

aluminum (eg., aluminum alloy 6061), the recommended material for the thin 
cover 0.e.. 53a. 53b. 53c. 53d, or 53e) is a silicon rich <9%-13« Si) aluminum 
alloy (eg., aluminmn alloy 4047 containing 11%-13% Si, an aluminum aUoy used 
in the hybrid-package industry). Silicon rich aluminum is used to prevent 

10 fractures in the dun cover along the heat affected zone of the wdds. 

Commercially pure titanium backing irfates are welded to a thin cover of the same 

The preferred method of bomfing the aputteriog target assembly involves 
vacuum autoclave inessure bonding using two bags. Figure 16 is an e^loded 
IS view showing the different layers induded in a two vacuum (flexible) bag ^stem 

configuration for bon^Ag the target assembly. Figure 17 is a perqwctive view of 
the items of Figure 16 wiflwut showing flK gas connectors. A bead of vacuum 
bag sealant 98. e.g.. General Sealants, Inc. part no. 213 which is a 
high-temperature (350*F or 177*C) synthetic rubber tape, is attadied to a tod (or 

20 support) idate 79. A sheet of non-perforated rdease film 100 is laid inade the 
area enclosed by die sealant 98 and is used to prevent the part (the ottering 
target assembly 40) from bonding to the tool plate 79. Examples of the rdease 
film 100 are Airtech International, Inc. part no. Wrightlease 5900, a 
high-temperature FTFE release film used up to 650* F or 340X, or WrighUon 

25 5200 Blue, a fiuixocaibon rdease film used up to 450'F or 230*C. 

The sputtering target assembly 40 is assembled as an unbonded sandwich 
according to Figure 16, with the side edges of die insulator sheet 54 wiapperi with 
a flash breaker ta^ie 49, U»e edges of the finned cover iHate 52 wrapped with a 
flash breaker tape 44, die edges of die backing plate 50 wrapped with a flash 

30 breaker tape 42, and die baddng plate border 78 up to die edge of die targtt 
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material 48 masked with a polyamide high-temperatiire t^ coating 46. A plan 
view of the border coating 46 is shown in Figure 18. 

Examples of flash breaker tapes that may be employed are the high tensile 
pdyester films of fully cured silicon adhesive marketed by Airtech International, 
5 Inc. as Flashbieaker 1, 2» S, the numerical designations referring to the thickness 
of the fUm (I, 2, and 5 mils thick req)ectively), and rated up to 4WF (205*C). 
Examines of polyamide tapes to mask the target material are manufactured by 3M 
under Scotch* brand 5413 and S419 0ow static) rated up to SOO*F (260'C). 

The assembled ^tteiing target assembly 40 is then placed over the release 
10 film 100 lying on the tool plate 79. 

To form the lowo- vacuum bag system, a bead of vacuum bag sealant 102 
is laid over the tape coating 46 covering the bcmier of the backing plate 50 (target 
side). General Sealants, Inc. part no. 213 may be used; however. General 
Sealants, Inc. mantifiictures a variety of vacuum bag sealants rated by tackiness, 
IS ability to remove dean after bonding, and temperature, whose use might be 
explored. 

Inside the area enclosed by sealant 102, a release film 104, a bleeder film 
106 and a breather mat 108 are laid over the target material 48. 

Examples of the release film 104 that may be used are c»l*fiee aluminum 
20 foil per ASTM B479 and uncoated pcriyamide film. These rdease films are used 
to protect the target surface from contaminants and to prevent bonding of the other 
films. 

Examples of the bleeder film 106 are marketed by Airtech International, 
Inc. under Release Ply A and B, which are heat set and scoured uncoated nylon 
25 febrics that can absorb excess bonding material. Their counterparts. Bleeder 

Lease A and B, are not used here in order to prevent contamination from a release 
agent used in these films. 

Examples of the breather mat 108 are mariceted by Airtech International, 
Inc. under Airweave N7 (a 7-oz. polyester breather and resin absorber) and 
30 Ultraweave 715 (a nylwi 6-6 non-woven breather that does not seal off on 
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3S0*F/177*C cures), tbe breather material is required to fodlitate nearly 
complete air evacuatim from tbe vacuum bag. 

Vacuum fitting bases 120 are laid over the breather mat 108 near the 
bOTder of the backing plate SO (see Figure 26 for a plan view of the locations of 
5 the gas connections). Nylon bag film 1 10, extending beymd the peripheries of a) 
the rdease and bleeder films 104 and 106, and b) mat 108» is laid over die 
assembly and pressed against vacuum sealant 102 to complete the lower vacuum 
bag system. Holes are made in die nylon bag film 110 to mate tbe vacuum fittings 
92 and 94 to the bases 120. 

10 Examples of nylon bag film 110 are marketed by Airtech Intanatiooal, Inc. 

under KM1300 rated 390*F/199*C and WrighUon 7400 rated at the same 
temperature. These nylon films exhibit 300%+ elongation at break which allows 
the films to conform to the shape of the part without bridgings which can cause tbe 
bag to rupture and defeat the necessary pressure differential. Alteniatively, a 

IS reusable silicon sheeting bag marketed by, for example, Zip-Vac, Inc., may be 
substituted for the vacuum bag film. 

A tyincal vacuum fitting, e.g. 90 as shown in Figures 16, 21, and 23, is 
comprised of a base 120, and an upper assembly comprised of a seal 136 attadied 
to a pressure plate 138, a male quick disconnect fitting 140, and a centrally 

20 located T-sha^ied pin 144 extending downwardly. The pin 144 of ttie upper 
assembly extends through a hole in the base and the arms of the pin engage 
qiposite circular ramps on the bottom of the base as the upper assraibly is twisted 
to tighten and seal the fitting 90 to the bag film 110. 

The lower vacuum bag system is covered and enclosed with an upper 

2S vacuum bag system comprised principally of a release film 1 12, a bleeder film 
114, a breather mat 116 and a vacuum bag film 118. The release and bleeder 
films 112 and 114, and the breather mat 116 extend beyond the periphery of the 
target assembly 40 but are laid in^de the area enclosed by the bag sealant 98. 
An example of release film 112 that may be used is marketed by Airtech 

30 International, Inc. under Release Ease 234 TFP, a porous release coated fiberglass 
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film rated at 550*F/285*C that will, acconling to the manufactuier, release ftom 
all commercial resin systems. 

Examples of a bleeder film 114 are Release Ply A and B or Bleeder Lease 
A and B previoudy discussed. 

Examples of a breather mat 116 are Airweave and Ultraweave 7IS 
previously discussed. 

Examples of a nylon bag film 118 are KMI300 and Wrighdon 7400, or the 
reusable silicon sheeting hag previously discussed. 

During assraibly of the uppo* vacuum bag sy^em, bases 120 for the 
fittings 90 and 96 are laid over the breadier mat 116 away from the ade of the 
ottering target assonbly 40 (see location frictured in Hgure 26), and nylon hag 
film 118 is laid over the assembly and pressed against vacuum bag sealant 98 to 
complete the upper vacuum bag system. Holes are made in the nylm bag fUm 
118 to mate the fittings 90 and 96 to die bases 120. 

Holes are provided in the upper bag system to allow the gas connections 
fnmi the lower bag system to pass through die ^sppe^ bag system while maintaining 
a sqwation between the upper and lower bag systems. Beads 119 and 121 
(identified as 146 in Figure 27) ofvacuum bag sealant (e.g., items 98 and 102 
described above), applied inside the periphery of each opening, seal the openings 
and can expose die lower bag system around die gas fittings 92, 94 to the 
autoclave 88 pressure. 

Hie too! plate 79 and attached dements are then placed into an autoclave 
88 enclosure and die vacuum and gas siqiply fittings 81, 83, 8S, 87 are connected. 
For example, vacuum disconnect fitting 87 connects to die male fitting 96 to pull a 
vacuum on the upper bag. Vacuum female fitting 81 cmnects to male fitting 90 to 
backfill die upper vacuum bag system widi clean dry nitrogen when the autoclave 
pressure reaches approximately 1 atmosphere. 

Figure 19 is a cross-sectional view of die double bagged layup (sandwich) 
afier vacuum has been pulled inside die bags. All layers are now fully compressed 
against die contours of die sputtering target assembly (i.e., die part to be bonded); 
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no bridging exists. Hie fluttering laigel assembly 40 is di^xwed between a 
•nandaid* ground tool plate 79 (to maintain flatness) and die double bagged 
vacuum system. Figures 20 and 21 provide a detailed close-up view of the 

features of Figure 19. 
5 The autodave 88 consists of a pressure vessd equipped with an intend 

heater and faa (not shown). The fan helps maintain a neariy omstant fluid 
temperature inside the autoclave. Thermocouples 142 attached to the part 40 and 
tcxA plate 79 monitOT die tenqierature inride the autoclave and provide input to a 
temperature controller (not shown) located outside the autoclave. TbisoontroUer 
10 cycles 6k beater on and off in order to reach the desired temperature. The 

autoclave is pressurized by pumping mtrogen uang a c omp re ssor (not shown) also 
located outside the autoclave. Vacuum lines, attached to a vacumn pump(s), enter 
the autoclave walls thioogh sealed ports and provide vacuum to the bag(s) system. 
Similariy. gas Imes, attadied to gas bottle(s) on one end. enter the autoclave waUs 
IS through sealed pints and are used to backfill the vacuum bag(s) system. 

The autoclave "press* prindfrie is to maintain a fHcssure cfifiaential, wlule 
heating or coding, between the part 40. wluch starts under vacuum, and the 
outride atmoq>here, which is at die autodave pressure. The part 40, supported on 
one ride by the tool plate 79, is subjected to a uniform autocbve pressure presring 
20 against the vacuum bag. When die autoclave pressure reaches about 15 pri above 
atmosphere, enough pressure difference exists across die vacuum bag. vacuum 
punqring is stopped and the vacuum bag is backfilled with, for example, clean, dry 
nitrogen to avoid ingress of moist air or contaminants inade the bag. Altematdy. 
a reducing, oxygen disoAing gas Cue, caiboo monoxide) can be used to diminate 
25 the posrilMUty of oxidizing parts at devatedtanperatures. The autoclave pressure 
will continue to rise to the bonchng pressure rectHnmended by die spedfications 
for use of die structural adherives. The exteniai ride of die vacuum bag is 
pressurized at the autoclave pressure, for example 60 pri whatever pressure is 
recommended, ^e die inside of die bag is maintained at atmoqiteric pressure 
30 (~15pri). This pressure differential creates the pressure necessary to maintain 
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the parts to be bonded in indmale contact while the adhesive is curing. Usually, 
when die recommended curing pressure is reached, the autoclave will then be 
heated to the recommended curii^ temperature of the adhesive. For example: 

1) Cytec Engineered Materials, Inc. which manufiictures Cybond EF-9S00 
S recommends a cure cycle having a 30 minute ramp at 6*F (3.3*C) per minute to 

go from ambient to 2S0*F ±5*F (120X ±3*C), then holding for 90 minutes at 
2S0*F ±S*F (120*C ±3*C) while the pressure is maintained at 60 psi ±S psi 
(0.28 MFa ±0.03 MPa). 

2) 3M Aeioqnoe Materials which manufiu:tures AF-191, a modified epoxy 
10 structural adhesive film, recommends a 4*F to 5*F (2*C to 3*C) per minute 

temperature rise to the cure temperat u re of 350*F ±5*F (177*C ±3*C), then 
holding for 60 minutes at 3S0*F ±S*F (177X ±3*C) while the pressure is 
maintained at 45 psi ±S psi. 

Preferably, parts are to be cooled below 160*F (71*0 before removing 

IS fiom the autodave 88 or venting to atmosidne. 

The structural adhesive film and the components cmnprising the double 
bagged vacuum system are selected to withstand Ac melting point of the scAder, 
For cxanqrie, when indium solder is used (mdting point of 1S6*C), the adhesive 
system is selected to withstand up to 3S0*F/177*C cure. Also, the vacuum bag 

20 components are sdected to withstand 350*F/I77*C, a temperature sufficiently 
high to ensure melting of the solder material. 

Usmg a double bagged vacuum ^stem, the target assembly 40 is fabricated 
by solder bonding and structural cpoxy bonding in a ^gle autodave run. The 
manufacturer's cure procedure for the adhesive film is modified to accommodate 

25 the solder process. For example, when using indium scdder and the above 

described (}ybond EF-9S00 structural adhesive, the autocbive is heated at a rate of 
6T (3,3*C) per minute to go from ambient to 350*F ±5T (177*C ±3*C). This 
temperature will be maintained for approximately om minute to insure mdting the 
indium solder strips 56 (shown in Figure 9). The autoclave is then cooled at a 

30 rate of qiproximately 9*F (5*C) per minute to 250*F ±5*F (120'C ±3*Q to 
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freeze tbe solder, then held for 60 minutes at 250*F ±S'F (120X ±3'C) to fully 
cure the structund adhesive. The pressure is maintained at 60 psi ±5 (0.28 
MPa ±0.03 Mpa) during the entire heating and cooling cycles. The lower 
vacuum bag system enclosing the solder is purged with a reducing gas (i.e., 

S carbon nKHicncide) to bdp reduce or eliminate the presence of oxygen and to 
improve the solder j<rint int^ty (i.e., to avoid formation of indium oxide in the 
molten solder). In order to minimize oxidizing the stdder, tbe solder strips 56, 
spacers 63, target material 48 and backing plate SO (sides to be bonded only) are 
stripped of surface oxides and maintained in an inert gas atmoqrtiere during the 

10 layup process. Other tedmiques siKdi as ion btmbanlment (remove surfsM 
oxides) followed by ^Nittering a ttin layer (one or two monolayers) of, for 
example, carbon may also be used. The carbon lay^ can react with oxygen to 
form a gas that can be pumped by the vacuum system attached to the lower 
vacuum bag. 

IS Vacuum male fitting 94 (attadied to the lower vacuum bag system) and 

vacuum female fitting 85 (attached to male fitting 94 and to a hose which exits the 
autoclave 88 and attaches to a line that ^lits into two valved lines - one going to 
a vacuum pump and the other to a vent) connect to the lower vacuum hag system 
enclosing the target material 48, a portion of the backing plate SO, and the solder 

20 matnial 56 diqx>sed between them (refer to Figure 5). Similariy, mating fittings 
92 and 83 connect to a valved gas supply outside the autoclave 88. Although not 
diown, more than one set of vacuum lines may be attached to each vacuum bag 
system to increase vacuum pumiring or purging of the bag. 

Vacuum male fitting 96 (attached to the upper vacuum bag ^stem) and 

25 vacuum female fitting 87 (attached to male fitting 96 and to a hose which exits the 
autoclave and attaches to a line that splits into two valved lines - one going to a 
vacuum pump and the other to a vent) connect to the upper vacuum bag system 
enclosing a) the target backing plate assembly (erclosed by the lower vacuum 
bag), the finned cover 52 and the adhesive 58 disposed between them; and b) the 

30 finned cover 52, the electrical insulating sheet 54 and the adhesive 60 disposed 
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between them. 

When the pressure in the autoclave 88 reaches 15 psi (for reascms 
previously described), the valves to the vacuum punqKs) are closed and the valves 
to the gas lines are opened to bring the pressure inside the vacuum bag to 
5 appixmmateiy 15 psi or 1 atmosfdiere of the appropriate gas, i.e., an inert or 
oxygen-absorbing (getter) gas. When pressure inside the vacuum bag reaches 
q)|noximatdy 1 atmo^bere, the vent valves on the vacuum pump hoses are 
opened once and then closed to purge the vent lines and leave the vacuum bags 
sa tur a t ed with the vent/purge gas* 

10 For example, carbon monoxide gas may be introduced into the lower 

vacuum bag system via a hose attadied to fmale fitting 83 which attaches to male 
fitting 92. As previously discussed, carbcm monoxide is used here to absorb free 
oxygen and to maintain the cleanest possible environment for the solder bond. 
Clean, dry nitrogen is introduced into the upper vacuum bag system via a hose 

15 attached to female fitting 81 n^ch attaches to male fitting 90 to avoid ingress of 
moist air or contaminants while the structural adhesive iftt«i«g ifr $ cure. 

Figure 22 shows an example of routing a ftermooouide wire 142 through 
the bag seal 98 of a vacuum bag system barrier film 118. Typically at least two 
thermocoui^ are provided to each targ^ assembly in an autoclave 88 and the 

20 temperature of the target material 48 snves as input to the temperature controller 
to cycle the autoclave heater on and off. 

Figure 23 shows a side view of a tyfrical male fitting (i.e., items 90, 92, 
94, and 96) connection through a barrier film of a vacuum bag (i.e., items 1 10 or 
118). Using, for example, a razor blade, a hole is nuufe on the vacuum bag to 

25 permit pin 144 extending downwardly to engage the base 120. A seal is made by 
the rubber seal 136; however, leaky connections are often repaired by sealing the 
connection using vacuum sealant (e.g., items 98 or 102.) 

Figure 24 is an exploded view showing the different layers comprising a 
single vacuum bag system. Vacuum bag sealant 98 is pressed against tool plate 79 

30 (it will later form a vacuum seal wiUi the nylon bag film 1 18). The assembled 
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qxittsring targtt assembly 40 is pla»l over the release film 100 lying on the tool 
plate 79 and enclosed by the sealant 98. A release film 112, a bleeder film 114 
and a breather mat 116 are laid over the sputtering target assembly 40. Vacuum 
fitting bases 120 are laid over the breather mat 116 aw^ ftwn die qmttering 
5 target assembly 40, and nylon bag film 118 is laid over the assembly and pressed 
against vacuum sealant 98 to complete die vacuum bag system. Holes are made in 
die nylon bag film 118 to mate the fittings 90 and 96 to the bases 120. aU similar 

to the two bag system described above. 

Figure 25 is a cross-secdonal view of a single bagged vacuum system layup 

10 described in Figure 24 after vacuum has been puUed inside die bags. A double 
bagged system is useful for solder and qxucy bonding in a single autoclave run; 
but a single bagged system is useful for (a) enclosing die whole assembly in a 
vacuum bag system to cure die adhesive bonded surfaces in die autoclave 88 
niiile. at die same time, stress rdieving and flattemng die inrviously scddered 

IS target/backing plate sub-assenddy; (b) solder bonding die target/baddng plate 
sub-assembly in die autoclave first; die cover tt> bdd die coding fluid may be 
attached later by means of fiasteners sealed by O-ring seals; (c) solder bonding die 
target/backing plate sub-assembly in die autoclave after a finned backing plate and 
cover which holds die cooling fluid have been welded (e.g., laser or etectnm beam 

20 wekled); or (d) solder bonding a new largtt material 48 to refiubidi a target 

assembly 40 ("backing plate" recycle mediod) fabricated by any of die previously 
described m^ods. 

Figure 26, as disnnw' above when discussing Figure 16, shows die 
locadon of die sputtering target assembly 40 on die tool plate 79 showing die 

25 routingof die sealant 98 and 102 on dw tool plate 79 and die border of die 

backing plate 50, respectively. The hoses connecting to die gas passage fittings 
81, 83, 85 and 87 are also shown. 

Figure 27, as fneviously discussed when discussing Figure 16. shows a 
typical opening in die barrier film 118 of die upper bag sealed by a bead of sealant 

30 146 to expose die gas connection fitting 92 to die lower bag film barrier 110. 
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Autodaving is a wdl-known and economical technology. Nonetheless, the 
autoclave processes described above provide a unique, dependable, and efficient 
m^hod of producing a sputtering target assembly. It is of course posable to 
achieve the required temperature and pressure by means other than an autoclave. 
5 While the inventira has been described widi r^ard to specific 

embodiments, those skilled in the art will recognize thai changes can be made in 
form and detail without dqnrting from the sfririt and scope of the invention. 
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CLAIMS 

1. A mettod for producing a sputtering target assembly, comprising the steps 
of: 

imyviding the components of a ^xittering target assembly assembled in an 
5 unbonded sandwich, at least two layers of said unbonded sandwich being separated 
by a bonding layer; 

pressing the layers of the unbonded sandwich togedier usiqg a source of 

pressure which prcmdes a geneiaUy uniform pressure distribution a 
and bottom surfienes of said unbonded sandwich; 
10 raising the temperature of the unbonded sandwich above a predetermined 

bonding temperature of said bonding layo* while maintaining pressure on said 
layers; 

maintaining the temperature and i»essure on the laym of said unbonded 
sandwich above said bonding tempmture for the duration of a predetermined bond 
IS curing time; and 

maintaining the pressure on the unbonded sandwich while the temperature 
of the unbonded sandwich falls to a predetermined process completion 
temperature, 

20 2, A method for producing a sputtering target assembly as in Claim 1 further 
comprising, 

enclosing the unbonded sandwich in a flexible vacuum tight enclosure; 

creating a vacuum pressure within tiie flexible vacuum tight enclosure, tiius 
forming a vacuum encapsulated unbraded sandwich assembly; and 
25 wherein the pressing step includes pressurizing tiie flexible vacuum tight 

enclosure and vacuum encsq>sulated unbonded sandwich assembly in a pressure 
chamber; and 

wherein the stq>s of raising the temperature, maintaining die temperature, 
and maintaining the pressure are all performed in a pressure chamber. 
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3. A method for producing a sputtering taiget assembly as in Oaim 2, 
wherein the enclosing step includes supporting said unbonded sandwich on 

a suppcnt plate and covering and sealing the unbonded sandwich with a flexible 
vacuum tight covering sealed to the support plate. 

5 

4. A method of produdng a sputtering taiget assembly as in Claim 2, 
whmn the enclosing step includes a target backing plate supporting a 

taiget member of said unbonded sandwich on a target backing plate and scaling a 
flexible vacuum tight covering covering the target member of said unbonded 
10 sandwich to the target backing plate. 

5. A method for producing a sputtering taiget assembly, comprising the steps 
of: 

l a min a ting the components of a sputtering taiget assembly in an unbonded 
IS sandwich on a support {date, at least two laym of said unbonded sandwich being 
sqarated by a bonding layer; 

covering the unbonded sandwich cm the support {date with an upper flexible 
vacuum dght covering sealed to the support plate thus forming a vacuum 
encapsulated unbonded sandwich assemUy; 
20 creating a vacuum pressure within the upper flexible vacuum tight covering 

over the unbonded sandwich and the support plate; 

pressurizing the support plate and vacuum encapsulated unbonded sandwich 
assembly in a pressure chamber; 

raising the temperature of the vacuum encapsulated unbonded sandwich 
25 assembly in the pressure chamber above a predetermined bonding temperature of 
said bonding layer; 

maintaining the temperature and pressure on the vacuum encapsulated 
unbonded sandwich assembly in the pressure chamber above the bonding 
temperature for the duration of a predetermined bond curing time; 
30 maintaining the pressure on the suppcnt plate and vacuum encq>$ulated 
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unbonded sandwich assembly whUe the temperature of the vacuum enc^>sulated 
unbonded sandwich assembly ialls to a predetermined process conqpletion 
temperature. 

5 6. A mediod for produdng a guttering targrt assembly, as in Claim 5, 
wherein the stq> of covoing the unbonded sandwich further includes 

covering a target material with a lower flexible vacuum tight covering ami sealing 

the lower covering to a targ^ backing plate of said unbonded sandwich inride said 

upper flexible vacuum tight covering; 
10 wherein the step of oeating a vacuum pressure includes creating a vacuum 

imssure within the lower flexibte vacuum tight covering over the targ^ matmal 

and the target backing plate. 

7. A method for {Modudng a qmtfmng target assembly, as in Claim S, 

15 wherein the laminating stq> includes disposing a release film between tfie 

unbonded sandwidi and the support plate. 

8. A mediod for produdng a qmttering target assembly as in Claim 5; 
whemn the laminating step includes placing a solder material in spaces 

20 between spacer members disposed to m^tain a predefined clearance between a 
sputtering target material and the backing plate when the solder melts. 

9. A method for imxhicing a sputtering target assembly as in Claim 6; 
wherdn the laminating step includes placing a solder material in qnces 

25 between spacer members disposed to maintain a predefined clearance between a 
sputtering target material and the backing plate when the solder melts. 

10. A method for producing a sputtering target assembly as in Claim 5 further 
comprising; 

30 wherein activity prior to the laminating step includes sputter depositing the 
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back side of a taiget material with a solder material to act as tinning in preparation 
for subsequent solder banding of said target to a backing plate when a bonding 
temperatuiB is achieved in the subsequent step of raismg the temperature of the 
vacuum e nc a ps u lat ed unbonded saiKiwich assembly. 

11. A mediod for producing a sputtering target assemUy as in Claim 6; 
wherein activity priw to die laminating includes spmer dqxMiting die back 

side of a target material with a solder material to act as tinmng in piqiaration for 
subsequent soMer bonding of said target to a backing plate when a bonding 
tenqierature is achieved in die subsequent stqxrf raiting die tenqieratnre of the 
vacuum encqsulated unbonded sandwich assend>ly. 

12. A mediod for producing a ^wttering target assembly as in Claim 10; 
wherein prior to ^tter depositing die back side of a target material with a 

solder material, the back side is sputter etched. 

13. A method for producing a qxittering target assembly as in Claim 11; 
whCTTin prior to qwtter depositing die back side of a target material widi a 

solder material, the back side is spaxta euited. 

14. A mediod for producing a qxdtering target assembly, as in Claim 7, 
whwein die step of providing die components of a sputtning target 

assembly fuither includes providing a breadier mat fUm over said unbonded 
sandwich disposed between die unbonded sandwich and die upper flexible vacuum 
tight covering. 

15. A mediod for producing a fluttering target assembly, as in Claim 7, 
wherein Uie step of providing die components of a sputtering target 

assembly fimher includes sequentially providing a release fHm, a bleeder fUm. and 
a breadier mat film over said unbonded sandwich diqiosed between dw unbcmded 
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sandwich and the upper flexible vacuum tight covering. 

16. A method for piodudng a qwttering laigct assonbly as in Claim 1. 
wherein the stq> of providing the components includes a target backing 

5 plate as a component of the unbonded sandwich said backing plate having been 
produced by a method including the steps of: 

providing a finned target baddng plate mduding a void forming a set of 
cooling fluid passages in said plate, said void including a series of fins, each fin 
having a top surftoe; 
10 putting a cover in jtacc over said vcHd; 

seal welding the edges of said cover to said backing plate to seal said void; 

and 

spot or seam welding said cover to the tops of said fins in a predetermined 
wdd pattern. 

IS 

17. A method for produdng a sputtering target assembly, comprismg the stq)S 
of: 

providing a finned target backing plate including a void forming a set of 
cooling fluid passages in said plate, said void mcluding a series of fins, each fin 
20 having a top surface; 

putting a cover in place over said void; 

seal weldmg the edges of said cover to said backing plate to seal said void; 

and 

spot or seam wdding said cover to the vops of said fins in a predetermined 
25 wdd pattern. 

18. A method for producing a sputt«ing target assembly as in Claim 17, 
wherein said cover is a silicon rich C7%-14% Si) aluminum alloy. 

30 19. A method for producing a sputtering target assembly as in Qaim 17, 
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wherdn said backing plate is a wddable aluminum alloy. 

20. A method for producing a guttering target assembly as in Claim 17, 
wherein said backing plate and cover are a wddable titanium alloy or 

S commeiaally pure titanium. 

21 . A method of febricating a ottering targ^ assembly, comprising the steps 
of: 

applying a bcmding agent to a surface of a first of a plurality of generally 
10 planar pands, ime of which comprises a sputtering target; 

laminating together said plundi^ of panels, said suriiace of said first pands 
facing a surface of a second of said pands, said first and second pands 
constituting a first pair of panels; 

a first step of exerting a differential hydrostatic pressure across at least 
15 some of said laminated pands induding said first pair pressing a first of said 
pands toward said second of said pands; and 

during said first ex^ng stq>, heating said laminated panels to a first 
temperature, whereby said bonding agent causes said first pair of pands to be 
bonded together. 

20 

22. A method as recited in Claim 21, wherdn said bonding agent is a solder. 

23. A method as redted in Claim 22, wherdn said bonding agent is an 
adhesive. 

25 

24. A method as redted in Claim 21, wherdn said plurality of pands 
comprises at least three of said pands and wherdn said first exerting step exerts 
said difierential hydrostatic pressure across only some of said panels including said 
first pair. 

30 
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25. A method as recited in claim 24, 

wherein said bonding agent comprises a solder; and 
further comprising applying an adheavc to a third surface of one of said 
second pair of pands. said thiid surface fedng the other of said second pair of 
5 panels; and 

wherrin said first exciting stq> exerts said differential hydrostatic pressure 
across s^d first pair* and 
further oompriang: 

a second stq> of exerting said differential hydrostatic pressure across at 
10 least somef of said panels including said second pain and 

during said second exerting stq>. heating said laminated panels to a second 
temperature lower than said first temperature, whereby said adhesive causes said 
second pair of panels to be bonded together. 

15 26. A method as recited in Claim 21, whcrrin said differential hydrostatic 
pressure b a differential gaseous pressure. 

26- A method as recited in Claim 21, wherrin one of said first pair of panels 
includes a surface having grooves for forming fluid cooling channels in said 
20 sputtering target assembly. 

27. A method of Claim 1; 

wherrin the sputtering target material includes tiles with one or more jmnts 
between them and the joints are sealed during soldering by use of a flexible tape 
25 sealed to an edge of each tile and bridging said one or more joints to prevent 
solder from flowing from the backing plate surf»» into said one or more joints. 
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AMENDED CLAIHS 

[received by the International Bureau on 12 April 1996 (12.04.96); 
original claims 1-27 replaced by amended claims 1-46 (11 pages)] 

1. A method for producing a sputtering target assembly, comimsing the steps 
of: 

providing the components of a sputtering target assembly assembled in an 
S unbonded sandwich, at least two layers of said unbonded sandwich being separated 
by a bonding layer; 

pressing fte layers of the unbonded sandwich together using a source of 
pressure which jrovides a generally uniform pressure distribution across the top 
and bottom surfiu:es of said unbonded sandwich; 
10 raising tl^ temperature of the unbomied sandwich above a bonding 

temperature of said bonding layer y/i^c maintaining pressure on said layers; 

maintaining the tonperature and pressure on the layers of said unbonded 
sandwich above said bonding temperature for the duration of a bond completion 
time; and 

IS main taining the pTcssure ou the Unbonded saixlwich while the temperature 

of the unbonded sandwich falls to a process completion temperature. 

2. A method for producing a q)uttering target assembly as in Claim 1 further 
comprising, 

20 enclosing the unbonded sandwich in a flexible vacuum tight enclosure; 

creating a vacuum pressure vrithin the flexible vacuum tight enclosure, thus 
forming a vacinmi encapsulated unbonded sandwich assembly; and 

vrfierein the pressing step includes pressurizing the flexible vacuum tight 
* enclosure and vacuum encapsulated unbonded sandwich assembly in a pressure 
25 chamber, and 

wherein the steps of raising the temperature, maintaining the temperature, 
and maintaining the pressuTC are all performed in a pressure chamber. 

3. A method for producing a sputtering target assembly as in Claim 2, 

30 wherein the enclosing step includes supporting said unbonded sandwich on a 
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3. A method for pnxlucing a ottering target assembly as in Claim 2, 
wbereiii the enclosing step includes supporting said unbonded sandwich on 

a support plate and covering and sealing the unbonded sandwich with a flexible 
vacuum tight covering sealed to the support plate. 

5 

4. A method of producing a ottering target assembly as in Claim 2, 
wherein the enclosmg step includes a target backing plate supporting a 

target member of said unbcmded sandwich on a target backing plate and sealing a 
flexible vacuum tight covering covering the target member of said unbonded 
10 sandwich to the target backing plate. 

5. A method for producing a sputtering target assembly, comprising the steps 
of: 

l a min a ting the components of a guttering target assembly in an unbmded 
IS sandwich on a support plate, at least two layers of said unbonded sandwich being 
separated by a bonding layer; 

covering the untxmded sandwich on the support plate with an upper flexible 
vacuum tight covering sealed to the support plate thus forming a vacuum 
encqisulated unbonded sandwich assembly; 
20 creating a vacuum pressure within the upper flexible vacuum tight covering 

over the unbonded sandwich and the support plate; 

pressurizing the support plate and vacuum encs^lated unbonded sandwich 
assembly in a pressure chamber; 

raising the temperature of the vacuum encsysulated unbonded sandwich 
25 assembly in the pressure chamber above a predetermined bonding temperature of 
said bonding layer; 

m ai nta i nin g the teiiq>etature and pressure cm the vacuum encapsulated 
unbonded sandwich assembly in the pressure chamber above the bondmg 
temperature for the duration of a predetermined bond curing time; 
30 m a intainin g the pressure cm the support plate and vacuum encapsulated 
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6. A method for producing a sputtering target assembly, as in Claim 5, 
wherein the step of covering the unbonded sandwich further includes 
covering a target material with a lower flexible vacuum tight cover and sealing the 
lower flexible vacuum tight cover to a target backing plate of said unbonded 
S sandwich inside said upper flexible vacuum tight cover; 

wherein the step of creating a vKuum pressure includes creating a vacuum 
pressure widiin the lower flexible vacuum tight cover over the target material and 
the target baclcing plate. 

10 7. A method for producing a sputtering target assembly, as in Claim 5, 

indierein the laminating step includes diqx>sing a first release film b^een 
the unbonded sandwich and the siqiport plate. 

8. A method for producing a qnittering target assembly as in Claim S; 
wAierein the laminating step includes placing a solder material in spaces 

between spacer members diqxised to maintain a predefined clearance between a 
guttering target material and the backing plate vAjcn the solder melts. 

9. A method for producing a q>uttering target assembly as in Claim 6; 
wherein the laminating step includes placing a solder material in spaces 

between spacer members disposed to maintain a predefined clearance between the 
sputtering target material and the backing plate when the solder melts. 

10. A method for producing a sputtering target assembly as m Claim S further 
comprising; 

wherein activity prior to the laminating step includes qnitter depositing the 
back side of a target material with a solder material to act as tizming in preparation 
for subsequent solder bonding of said target to a backing plate when a bonding 
temperature is adiieved in the subsequent step of raising the temperature of the 
vacuum encapsulated unbonded sandwich assembly. 
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11. A method for (miducing a sputtering target assembly as in Claim 6; 
wfaeieia activity prior to the laminatii^ includes sputter dqK>ating fl»e back 

ade of a target material with a solder material to act as tinning in prqwation for 
subsequent solder bonding of said target to a backing plate w*en a bonding 
5 tenqjeiadire is adiieved in the subsequent step of laiang the temperature of the 

vacuum encapsulated imbon^ sandwich assembly. 

12. A m^bod for pnxhidng a guttering target assembly as in Claim 10; 
wherein prior to sputter depositing the back side of a target material with a 

10 solder material, the back side is ^wtter etched. 

13. AmetiMdforprodudngaqwtteringtargetassemWy asinClaim 11; 
wherein prior to sputter depositing flw back side of a target material with a 

solder material, die back ade is sputter etched. 

IS 

14. A meUwd for producing a sputtering target assembly, as in Claim 7, 
wheidn the stq> of providnig the conqionents of a sputtering target 

assembly fiirtiier includes providing a breather mat fflm over said unbonded 
sandwich disposed between the unbonded sandwich and the upper flexible vacuum 
20 tight cover. 

15. A metiiod for producing a qmttaing target assembly, as in Claim 7, 
wherein the step of inoviding the components of a sputtering target 

assembly further includes sequentially jamUiDg a seomd release fihn, a bleeder 
25 film, and a breather mat fihn over said unbmided sandwich disposed between die 
unbonded sandwich and the upper flexible vacuum tight cover. 

16. A metiiod for producing a qnittering target assembly as in Claim 1, 
M^ierein tiie step of providing tiie components includes a target backing 

30 plate as a component of die unbonded sandvrich said backing plate having been 
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produced by a method including the steps of: 

providing a finned target backing plate including a void forming a set of 
cooling fluid passages in said plate, said void including a series of fins» each fin 
having a top surface; 
5 putting a cover in place over said void; 

seal welding the edges of said cover to said backing plate to seal said void; 

and 

^t or seam welding said oovor to the tops of said fins. 

10 17. A method for producing a sputtering target assembly, comprising the steps 
of: 

providing a finned target backing plate including a void fmning a set of 
cooling fluid passages in said plate, said void including a series of fins, each fin 
having a top surface; 
IS putting a cover in place over said void; 

seal welding the edges of said cover to said backing plate to seal said void; 

and 

spot or seam welding smd cover to the tops of said fins. 

20 18. A method for producing a fluttering target assembly as in Claim 17, 
wherein said cover is a silicon rich (7%-14% Si) aluminum alloy. 

19. A method for producing a sputtering target assembly as in Claim 17, 
wherein said backing plate is a weldable aluminum alloy. 

25 

20. A method for producing a sputtering target assembly as in Claim 17, 
wherein said backing plate and cover are a weldable titanium alloy or 

conunercially pure titanium. 

30 21 . A method of fabricating a sputtering target assembly, comprising the steps 
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of: 

applying a bonding agent to a surface of a first of a plurality of generally 
planar panels* one of which comprises a sputtering target; 

locating said plurality of panels together, said surface of said first of said 
5 plurality of panels facing a surface of a second of said plurality of panels, said first 
and second of said plurality of panels constituting a first pair of panels; 

exerting a first pressure across at least two or more of said plurality of 
panels including said first pair, said first pressure pressing said first of said panels 
toward said second of said panels; and 
10 simultaneously with exerting said first pressure, heating at least said first 

and second of said plurality of panels to a first tenq>erature at which said bonding 
agent causes said first pair of panels to be bonded together. 

22. A method as recited in Claim 21, \rfierein said bonding agent is a solder. 

15 

23. A method as recited in Claim 22, wherein said bonding agent is an 
adhesive. 

24. A method as recited in Claim 21, wherein said plurality of panels comprises 
at least three of said panels and vrfierein said first pressure exerts pressure across at 
least two of said panels including said first pair. 

25. A method as recited in claim 24, 
wherein said bonding agent comprises a solder; and 
further com]msing ^plying an adhesive to a third surface of one of a 

second pair of panels, said second and a third of said plurality of panels comprising 
said second pair« said third surface facing a fourth surface of said second pair of 
panels; and 

wherein said first pressure exerts a first force pressing said first pair of 
panels together; and 
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further comprising: 

exerting a second pressure across at least two of said panels including said 
second pair; and 

simultaneously with exerting said second pressure, beating at least said 
S second and third of said plurality of panels to a second temperature lower than said 
first temperature, at yAnch said adhesive causes said second pair of panels to be 
bonded together. 

26. A method as recited in Claim 21, wherein said differential hydrostatic 
10 pressure is a differential gaseous pressure. 

27. A method of Claun 1; 

v^ierein at least one of said layers includes a set of tiles with one or more 
joints between them and the joints are sealed during soldering by use of a flexible 
IS tape sealed to an edge of each tile and bridging said one or more joints to prevent 
solder fiom flowing firom the backing plate surface into said one or men joints. 

28. A method for producing a sputtering target assembly, comprising the steps 
of: 

20 providing the components of a sputtering target assembly assembled in an 

bonded sandwich, at least two layers of said bonded sandwich being separated by a 
bonding layer; 

pressing the layers of the unbonded sandwich together using a source of 
pressure which provides a generally uniform pressure distribution across the top 
25 and bonom surfaces of said bonded sandwich; 

raising the temperature of the bonded sandwich to a stress relieving 
temperature of said bonding layer; 

continuing (nressing the layers together and maintmning the temperature of 
said unbonded sandwich at said stress relieving temperature for the duration of a 
30 stress relieving time; and 
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continuing pressing the layers of the bonded sandwich together wiule the 
temperature of the bonded sandwich faUs to a stress relief process completion 
temperature. 

5 29. A method for producing a sputtering target assembly, as in Claim U 

wherein during the steps of: providing, pressing, raising, and maintaining 
the temperature; said components are exposed to a substantially inert gas 
environment 

10 30. A method for producing a sputtering target assembly, as in Claim 1, 

wherein during the steps of: providing, pressing, raising, and maintaining 
the temperature; said components are exposed to a substantially moisture free and 
inert gas enviroxmicnt 

IS 31. A method for producing a ^Nittering target assembly, as in Claim 1, 

Mdierein during the steps of: providing, inesang, raising, and maint a ining 
the temperature; said components arc exposed to a substantially oxygen absorbmg 
gas environment 

20 32. A mediod for producing a sputtering target assembly, as in Claim I, 

wherein during the steps of: providing, pressing, raising, maintaining the 
tenq)erature, and maintaining the pressure; said components are enclosed in a gas 
tight enclosure having a flexible wall, said enclosure containing a substantially inert 
gas environment. 

25 

33. A method for producing a sputtering target assembly, as in Claim 1, 

wherein during the steps of: providing, pressing, raising, maintaining the 
temperature, and maintaining the pressure; said components are enclosed in a gas 
tight enclosure having a flexible wall, said enclosure containing a substantially 
30 moisture free inert gas environment. 
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34. A method for producing a sputtering target assembly, as in Claim 1, 
wherein during the steps of: providing, pressings raising, maintaining the 

temperature, and maintaining the pressure; said components are enclosed in a gas 
tight enclosure having a flexible wall, said enclosure containing a substantially 
S oxygen absorbing gas enviroiunent 

35. A method for producing a sputtering target assembly, as in Claim 34, 
herein the substantially oxygen absorbing gas envirorunent is formed 

primarily with carbon monoxide. 

10 

36. A method for producing a qxittering target assembly, as in Claim 32, 
herein before providing a substantially inert gas enviroimient to the gas 

tight mclosure said enclosure has been substantially evacuated. 

IS 37. A method for producing a sputtering target assembly, as in Claim 33, 

wherein before providing a substantially inert gas environment to the gas 
tight enclosure said enclosure has been substantially evacuated. 

38. A method for producing a sputtering target assembly, as in Claim 34, 
20 wherein before providing a substantially inert gas envirorunent to the gas 

tight enclosure said enclosure has been substantially evacuated. 

39. A method for producing a ^nittering target assembly, as in Claim 1, 
wherein the step of providing the components includes providing a surface 

25 of at least one of the faces of said layers facing one another and being separated by 
a bonding layer having been coated by sputter depositing a layer of said bonding 
material thereon. 

40. A method for producing a sputtering target assembly, as in Claim 29, 

30 wherein the step of providing the components includes providing a surface 
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of at least one of the faces of said layers facing one another and being separated by 
a bonding layer living been coated by sputter depositing a lay& of said bonding 
material thereon. 

5 41 . A method for producing a sputtering target assembly, as in Claim 30, 

wherein the step of providing the components includes providing a surface 
of at least one of the faces of said liters facing one another and bdng separated by 
a bonding layer having been coated by sputter depositing a layer of said bonding 
material thereoa 

10 

42. A method for produciiig a sputtering target assembly, as in Claim 31, 
wherein the step of providing the components includes providing a surface 

of at least one of the feces of said b^ers facing one another and being separated by 
a bonding layer having been coated by spMer depositmg a layer of said bonding 
IS material thereoiL 

43. A method as recited in Claim 21, wherein one of said first pair of panels 
includes a surface having grooves for forming fluid cooling chaimels in said 
sputtering target assembly. 

20 

44. A method for producing a ottering target assembly as in Claim 1 ; 
wherein the step of providing the components for the bonding layer includes 

placing a solder material in spaces between spacer members disposed to maintain a 
fmdefmed clearance between at least two layers of said unbonded sandwich when 
25 the solder melts. 

45. A method for {^oducing a sputtering target assembly as in Claim 1; 
wherein activity prior to the step providing the components includes sputter 

depositing bonding side of a first of said at least two layers with a solder material 
30 to act as tiiming in preparation for subsequent solder bonding of said first of said at 



42 

AMENDED SHEET (AimCLE 19) 



wo 9603085 



PCTAIS9Sf01089 



STATEMENT UNDER ARTICLE 19 



Claims 1 and 5 the word "predctennincd" has been deleted from before the 
words -bonding temperature"; the words ""predetermined bond curing" have 
been replaced by the words "bond completion"; and the word "predetermined" 
has been deleted from before the words "process completioa" 

Once in each Claim 3, 4, 14, and 15; twice in Claim 5; and three times in 
Claim 6 the words "flexible vacuum tight covering" have been changed to 
"flexible vacuum tight cover" to increase clarity and avoid confiision with ttie 
method step of "covering" (a verb). The noun "covering" in the specification 
and in the claims is considered synonymous with the noun "cover." 

In Claim 6 the wording "lower covmng" has been changed to "lower 
flexible vacuum tig|it cover." 

In Claim 7 the worf "first" has been inserted before the words "release 
fibn." 

In Claim 9 the words "between a" have been revised to "between die." 

In Claim 15 the word "scwmd" has been inserted before the words "release 
fihn." 

In Claims 16 and 17 the words "in a prcdetermiiwd weld pattern" have been 
deleted. 

In Claim 21, 24, 25, and 27 nunim>us changes in wording have made. 
Portions of the changes to the text are shown as follows added text is shown 
underlined, while [deleted text is shown in brackets]. 

21. ... 

locating [laminating together] said plurality of panels together, . . . first ^ 
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21. . . . 

locating [laminating together] said plurality of panels together. ... first of 
said plurality pf panels . . . said plurality of panels. . . . second of said plurality 
of panels . . . 

cxertjng a fir^ [stq) of exerting a differential hydrostatic] pressure across at 
least [some] two or more of said [laminated] plurality of panels including said 
first pair, said first pressure pressing [a] ^ first . . . 

[during said first] simultaneously with exerting said first pressure [step], 
hating at least said first and second of said [laminated] plurality of panels to a 
first tempcrature[. whereby] at\rfiich said bonding . . 

25 

... one of [said] a second pair of panel s, said second and a third of said 
plurality o f panels comprising said second pair, said third surface facing a 
fourth [the other] surface of said ... 

herein said first pr essure [said first exerting step] exerts [said diffmntial 
hydrostatic pressure across] a first force pressing said first pair of panels 
together . . . 

«crtine a second [step of exerting said difrerential hydrostatic] pressure . . . 
least [some] two of said . . . 

[during said second] simultaneously with exerting said second pressure 
[step], heating at least said second and third of said [laminated] plurality of 
panels . . . temperature, [whereby] at which said adhesiye 

27. 

^n^in at least on e of said layers [the sputtering target material] includes a 
set of tiles . . 



Two Claims numbered 26 were initially submitted. The first remains 
unchanged. The second has been cancelled. 

Claims 28 to 46 are new. 
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Fig. 3 54 



SUBSTITUTE SHEET (RUIE26) 



WO«9M3085 



PCrAIS9S/0]089 




S(iBSniinESHEEr(RULE26) 



Wp 9601085 



PCT/US9S/01089 




SUBSnTll1ESHSr(RULE26) 



Wp 96/23085 



PCTAIS9S/01089 




CD 

in 



SUBSTITUTE SHSr(RUL£26) 



wo 9603085 



PCT/D»SA)I0S9 



6 / 23 48 



49c 




43f 43c 43e 43b 43d 43a 




56a 



SUBSn7U7ESHEEr(RULE26) 



wo 96/23085 



PCT/DS9SA»I»9 




PCr/DS9Sff>1089 



8 / 23 



o 




SUffimUTESHSr(RlA£2E) 



wo 9603085 



PCr/DS9S«1089 



9 / 23 



53b 




53b 



Fig. 11 



53a 



Fig. 12 



51 



50a 



SUBSimiTESHSr(RULE26) 



wo 96/23085 



PCT/DS9S/01089 



10 / 23 




SUBSTninESHEEr(RULE2B) 



WO9M3085 



PCTAJS9S/0I089 




wo 96/23085 



12 / 23 



PCT/US9SA)1089 




SUBSTmnESHSr(RULE26) 



wo 9603085 



PCT/US9Sn)1089 



13 / 23 



88 




Fig. 16 



SUBSTninESHSr(RULE26) 



I*CT/IJS9Sn)1089 



14 / 23 




SUBSmUTE SHEET (RULE26) 



wo 9603085 



PCTA)S9SH>1089 




Fig. 18 

SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



PCr/US9S/01089 



17 / 23 




SUBSTITUTE SHEET (RULE 26) 



• WO96a308S 



PCT/US9SA)1089 



18 / 23 




SUBSTITUTE SHEET (RULE 26) 



« WOMOJOSS 



PCT/US9Srai089 



19 / 23 




I 



I 

Fig. 23 

SUBSTITUTE SHEET (RULE 26) 



wo 96/23085 



PCT/US9Smi089 



20 / 23 




SUBSTITUTE SHEET (RULE 26) 



* WO96/230SS 



PCr/US9SD1089 




SUBSTITUTE SHEET (RULE 26) 



WO96a308S 



PCT/DS9SR)10S9 



22 / 23 




Fig. 26 



SUBSTITUTE SHEET (RULE 26\ 



WOM/Z30SS 



PCTAJS95/01089 



23 / 23 




Fig. 27 

SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



I PCI 



oal ApfifticaftoD No 

PCT/US 95/01089 



I Tn?^^*'"9ftJ5SL'S9';5"i"'Ecr MATTER 

IPC 6 C23C14/34 H01J37/34 



l*cci»aailate>mii>«a.ip.MM O«rtteittOBnpC)orioh^ 

I B. FIELDS SEARCHED 



IPcT C23c""*^ ^'^'^ ""^^ V*>«^) 



tfOTumcntottoo lo die aacmihtt wch 



are inchidcd la tile fiddi SttKbcd 



BccaronicdaubaM 



^Mmi ttK imcRuoonal *e«ti) {nanic of ^ Imsc nd. 



C DOCUMEWTS OONSTDERED TO BE RFXEVAWT 



Cukfory' Qtsteo of doosm, witfi 



Rdcvint to dWB No. 



PATENT ABSTRACTS OF JAPAN 

vol 013 no. 384 (C-629) ,24 August 1989 

& JP.A.Ol 132758 (HITACHI HETALS LTD) 25 

May 1989, 

see abstract 

PATENT ABSTRACTS OF JAPAN 

vol 013 no. 084 (C-572) ,27 February 1989 

4 JP.A,63 270459 (MATSUSHnA ELECTRIC INO 

CO LTD) 8 November 1988, 

see abstract 



1-27 



1-27 . 



m 



Further^ 



I arc hMd m die ooMinaaaoo of boi C. 



' SpecMl caiKfona oroteddooBiato : 



eowd wd to be of pftcuto' wIcthcc 

'E* tmUMT dooMMRt tnit putabilicd oa or «JUr Out tnioMDoaol 
filjag dale 



"T UaErdocwmntpiMiAed after tteiMBiwfeOMi filing dMe 
^ . - _ i»iihibei^pliei»oBb« 




Hpn (at ^ptofietf) 
'O' documcM rcfmint •> •» oral dtodoawc, uk, odutsoon e 



'P* ^ocunmN^MAcd pnortodic mleinacianal rihnidatebiit 
later than die pnonty datt daned 



^ lorpaAcidarrdcvaace;dbedaim(difmaoofi 

ooDOl be miMirtiurt novel or cannot be cOMdotd to 
mwolve an mvcabvc «cp v^mi the doc ummi is uktn ^oae 

*V docunoM of parttodar ftkvanoc; the danmd inwcabon 
onnot be comdofvd to nmdve an inmdvr «cp vbcn die 
dOMicBi IS combned widi one or OMre od»r ndi ^ 
Mona, wKh mtHhn dbon bemi obwooa to • ■ 
mdwait 

of the nae pattM CuTBiy 



Date of the acbial oonpietioo of the lOKmational teaieti 

2 October 1995 



DatoofrandmsofdM 



m 95 



Nane and maUmg addrcn of die ISA 

European Patent omoe, P,B. Ml S Pi 
NL -22SOHV Ri)S«i)k 
Td. ( + ai .70) 340-2040, Tl 31 «3I cpo id. 
FaK(« 31.70) 340-3016 



Authofued offica* 

Ekhu1t» H 



Fan PCT/BAOlt (HcaM iM) (My ifn) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT r — 



iMer. .^Ml Applicaftoo No 

PCT/US 95/01089 



C<ConDnu*tioo) DCXIUMEKT^ CONSIDERED TO BE KELEVA NTT 



Catcfory 



QtAtanof 



wih tTM%nnTin_ whoc nnjni|)njlt» of tbc ivlcvmt 



Rdcvant to dstm N<x 



REVIEW OF SCIENTIFIC INSTRUMENTS. APRIL 
1973, USA. 

vol. 44. no. 4. ISSN 0034-6748. 
pages 522-523, 

TERHUNE C 'Target bonding (for 
sputtering)' 

see page 523, right colunn, line 4 - line 
19 

PATENT ABSTRACTS OF JAPAN 

vol. 015 no. 357 (C-0866) .10 Septeirt>er 

1991 

& JP,A,03 140464 (KOBE STEa LTD) 14 
June 1991. 
see abstract 

GB.A.2 255 105 (ION COAT LIHITED) 28 
October 1992 

see page 7, line 16 - line 22 



1-27 



1-27 



1-27 



FmKT/BA/ai* 



«« 1*111111 'I 



page 2 of 2 



